Azo dyes, released by the textile industries causes severe damage to the environment and living organisms. The degradation of azo dyes is widely studied using enzymatic methods. Laccase, is a copper containing enzyme that degrades the azo dyes into less toxic compounds. In this work, Laccase enzyme produced by the alkaliphile Pseudomonas mendocina in the degradation of mixed azo dye showed 0.386 U/Ml activity at pH 8.5. Combination of enzymatic and green synthesised nanoparticle were used in the degradation mixed azo dye. Laccase used in the degradation of mixed azo dyes showed 58.46% in 72 hours while the photocatalytic degradation of mixed azo dyes showed 15.98%. The degradation of azo dyes using copper iodide nanoparticle resulted in 15.835% of mixed azo dye degradation. But it was noticed that combined method removed 62.35% of mixed azo dyes in 60 minutes.
INTRODUCTION
The increase in urbanization and population leads to increase in use of dyes, plastics and chemicals that add major pollutants to the environment. Dyes are complex structural compounds that are used in textile, food and pharmaceutical industries (Shyamala Gowri et al., 2014) . Azo dyes are synthetic dyes that are used to give permanent colour to fabrics as they are highly resistant to external factors. More than 70% of textile industries uses azo dyes for dying fabrics. Its effluent released into the environment poses a major contribution to environmental pollution . The azo dye contains chromophore azo group (N=N) which gives colour to the fabrics. The azo dyes may be classified as mono azo, diazo or poly azo dye based on number of azo groups present in it (Harshad et al., 2015) . These azo dyes are released into the environment either untreated or partially treated. This leads to pollution of soil, water and other ecosystems as azo dyes are carcinogenic and mutagenic in nature (Kumar Raven and Sumangala Bhat, 2012). The phytoplankton, zooplankton, fishes, aquatic plants are affected by decreased oxygen level, decreased photosynthetic activity which results in death of aquatic habitats. It also affects human beings by causing jaundice, tumour, skin irritation, allergies, heart defects etc... Process (AOPs), Cavitation, Ultrasound technique were studied exclusively (Harshad et al., 2015) . The physical and chemical methods are highly toxic and hence biological methods is an alternative eco-friendly technique for treatment of azo dyes (Kobayashi et al., 1982 .
The biological process involves aerobic and anaerobic degradation of azo dyes by microorganisms. The extremophiles mainly alkaliphiles has drawn interest to study the degradation of azo dyes. As the nature of azo dye contaminated sites are alkaline, it makes the survival of mesophiles difficult. Alkaliphiles are microorganisms whose cell wall is composed of acid polymers which maintains the internal pH of the microorganisms and makes them survive in extreme alkaline environments (Sujatha et al., 2017, Alain et al., 2002) . The degradation of azo dyes by microbes occurs through enzymatic cleavage. The enzymatic degradation of azo dyes by the bacteria occurs either by extracellular or intracellular enzymes. The enzymes that are commonly involved in azo dye degradation are Azoreductase, Laccase, Peroxidases etc... These enzymes require appropriate environmental conditions to maintain its stability and activity (Joshni et al., 2011) . Laccase are copper containing oxidases that does not require redox mediators for degrading azo dye (Zahra et al., 2014 and Luciana Pereira et al., 2009 ). The substrate specificity of laccase can be widened by addition of redox mediators to the reaction mixture (Fabbrini et al., 2002) . Laccases cleave azo dyes and forms nitrogen molecules that are non-toxic (Andrea et al., 2005) .
The photocatalytic degradation is one among the Advanced Oxidation Process (AOPs) which is used in bulk treatment of pollutants. This process results in the mineralization of the recalcitrant compounds (Comparelli et al., 2005) . Recently, nano-size materials have been widely studied because of their better properties compared to the bulk size particle. They exhibit a large specific surface area and thus have distinct, catalytic and thermal properties. Copper iodide is a highly versatile compound having many applications in adsorption studies, catalysis, solar cells, etc (Tavakoli et al., 2013) . The green synthesis of copper iodide nanoparticles gives highly pure product involving the use of minimum chemicals. Photo-assisted catalysis using a semiconductor has been recognized as a promising approach for the elimination of many organic pollutants, such as azo dyes (Anushya Vijayakumar, Revathy Rajagopal, 2016) .
In this present study, the degradation of individual and mixed textile azo dyes was studied using a Laccase enzyme producing alkaliphilic bacterium isolated from an azo dye contaminated site. Although there are few reports on photo-degradation using green synthesized metal oxides nanoparticles, there is hardly any data on dye degradation involving a combination of green synthesized nanoparticles and bacterial laccase. So, it was thought worthwhile to enhance mixed azo dye degradation by immobilizing bacterial laccase on CuI nanoparticle.
The analysis of degradation of azo dyes were done using UV -Visible Spectrophotometer, HPLC, and GC-MS.
The dyes were also analysed using in silico analysis which showed the binding of laccase enzyme with Reactive Black (RBL), Reactive Red (RR) and Reactive Brown (RB). The binding also correlates with the degradation of the azo dyes.
MATERIALS AND METHODS

SAMPLE COLLECTION
The textile dye contaminated soil samples were collected from Erode (textile industry). Three different types of soil (different colour) were collected and used for isolation of azo dye degrading bacterial strains. The textile dyes Reactive Red (RR), Reactive Brown (RB), and Reactive Black (RBL) were purchased from Bengal ChemiColor and Co, Parrys, Chennai, India. All the other chemicals were purchased from Sigma Aldrich, India.
ISOLATION OF ALKALIPHILIC BACTERIAL STRAIN
The bacterial strains were isolated from the textile effluent contaminated soil samples which were enriched in the Mineral Salts Medium (MSM) with 100 ppm of mixed azo dye. The MSM was prepared using Disodium hydrogen phosphate (Na2HPO4 -12.8 g/L), Potassium dihydrogen phosphate (KH2PO4 -3 g/L), Ammonium chloride (NH4Cl -1 g/L), Sodium chloride (NaCl -0.5 g/L), Magnesium sulphate (MgSO4 -10 mg/L), 0.01 M Calcium chloride (CaCl2) and 20% glucose (pH 8.5). The medium was sterilized, cooled and and mixed azo dye containing RR, RB, and RBL each of 100 ppm was added in 250 mL Erlenmeyer flask. The bacterial strains were isolated on MSM Agar and the pure culture of each strain was stored in 15 % glycerol at -20ºC for further studies (Tarun and Rachana, 2012) .
DEGRADATION ASSAY
The maximum absorbance of the dye (RR, RB, RBL, and Mixed) was determined using UV Vis spectrophotometer. The culture was provided with 100 ppm of mixed azo dye in MSM and the decolorization was 
BIODEGRADATION OF AZO DYE DEGRADATION
The biological method for mixed and individual azo dye degradation was carried out using laccase enzyme produced by isolated bacterial strain DY2. The enzymatic degradation was studied further by extraction of extracellular and intracellular proteins. The efficiency of the degradation of mixed and individual azo dyes was studied.
EXTRACTION OF LACCASE ENZYME
The presence of Laccase enzyme was screened in extracellular and intra cellular extracts of the isolated bacterial strain. The laccase production by the bacterial strain DY2 was determined by inoculating the bacterium in 100mL MSM broth amended with 100 ppm of mixed azo dye. The culture was incubated at 37 o C and centrifuged at 10,000 g for 10 min, then the supernatant was filtered and used for further studies ( Where, E.Aenzyme activity, A-absorbance at 379 nm, V-total volume of a mixture (mL), t-incubation time, eextinction co-efficient, vvolume of enzyme (mL). The molar extinction co-efficient was calculated and found to be 1.398 M -1 cm -1 (Alkeshet al., 2017).
EFFECT OF pH AND TEMPERATURE ON LACCASE
The pH and temperature were optimised to determine the maximum enzyme activity of laccase produced by DY2KVG bacterial strain by varying the pH of buffer and the incubation temperature used in the assay. The laccase activity for pH of various range (5.8 to 8.0) using 50 mM Potassium phosphate buffer and pH of 9.0 using 50 mM Glycine -NaOH buffer were used for optimisation (Mohamed Neifar et al., 2016) . The temperature ranging from 20ºC to 50ºC were used to study the effect of temperature on the laccase activity. The enzyme activity of laccase was monitored using a standard laccase assay procedure after 10 min of incubation (Alkesh et al., 2017) .
AZO DYE DEGRADATION BY PHOTOCATALYSIS
The photocatalytic degradation of azo dyes (RR, RB, RBL, and Mixed dyes) was carried out in a batch reactor of 200 mL capacity. The reactor was fed with 50 mL of MSM at neutral pH and 50 mL of azo dye (RR, RB, RBL, and Mixed dye). The degradation was carried out with UV irradiation and continuous stirring. The UV lamp was placed parallel to the quartz tube. The temperature was maintained at 21ºC ± 0.2ºC. The samples were withdrawn every 10 mins up to 1 hour and the samples were scanned from 200 -800 nm (Maulin Shah, 2013) .
EXTRACT PREPARATION FROM Hibiscus rosasinensis L. FLOWER
The Hibiscus rosasinensis L. flower was collected from our college premises and washed using distilled water. The petals of the flower were separated and ground to form a paste using distilled water. The paste was further diluted by addition of distilled water and centrifuged, from which the supernatant was used for the synthesis of Copper Iodide nanoparticle (CuI) (Archana et al., 2019) . The process was carried out without further purification using AnalR-Grade CuSO4.5H2O and KI and the preparation of CuI nanoparticle form the flower extract was performed based on the literature (Indubala et al., 2018) .
CuI CHARACTERIZATION
The synthesised CuI nanoparticle was characterized using X-ray powder diffraction (Bruker D8 advance P-XRD), scanning electron microscope (Carl Zeiss MA15/EVO18), energy-dispersive analysis of X-ray (Oxford 
DEGRADATION OF AZO DYE BY COPPER IODIDE (CuI) NANOPARTICLE
The photocatalytic degradation of azo dyes (RR, RB, RBL, and Mixed dyes) was carried out in same reactor used for photocatalysis degradation of azo dyes. In this process of degradation, 25 mg of CuI nanoparticle were added in addition to MSM (50 mL) and azo dye (50 mL) as in photocatalytic degradation (Maulin Shah, 2013) .
COMBINED METHOD FOR DEGRADATION OF AZO DYES
The efficiency of Laccase enzyme to degrade azo dye was increased by immobilizing the Laccase enzyme onto CuI nanoparticle. CuI NP -10 mg, 1mL of laccase enzyme with 0.341 U/mL of enzyme activity and 1 mL of potassium phosphate buffer (pH -8) were added and incubated in shaker for 24 hrs. The mixture was centrifuged at 10,000g for 10 mins and washed twice with phosphate buffer of pH 8 (Sanjay et al., 2014). The immobilized laccase enzyme was introduced into the reactor containing an equal volume of azo dyes, MSM and the degradation percentage was calculated (Maulin Shah, 2013) .
ANALYSIS OF METABOLITES AFTER AZO DYE DEGRADATION
The HPLC was carried out using Shimadzu Prominence binary gradient HPLC system (Christ Lab, Stella Maris College), C18 column by isocratic using methanol gradient. The samples were prepared using ethyl acetate (equal volume of sample and solvent). The solvent phase was extracted and filtered using membrane filter (0.44µ) and then condensed in rotary vaccum evaporator. Then 20µl of the sample was injected manually into the column with methanol as mobile phase (Harshad et al., 2015) . Gas Chromatography-Mass Spectrum was carried out for the sample prepared for HPLC and the metabolites produced by the degradation were identified.
MOLECULAR IDENTIFICATION OF ISOLATED BACTERIUM
The genomic DNA was isolated from each of the bacterial strains and PCR amplification was performed. The unknown bacterial strains were given for 16S r-RNA sequencing in Amnion Biosequences, Bangalore. The evolutionary relationship between the bacterial strains was determined by constructing a phylogenetic tree using the Maximum Likelihood Method in MEGA7.
In silico Analysis
The laccase protein sequence of Pseudomonas mendocina was retrieved from NCBI database with GenBank ID KER98563.1. This sequence was used to model the 3D structure using Swiss-Model online server with PDB ID 1RW0 as a template (Biasini et al., 2014) . The model was evaluated using the Rampage server (Lovell et al., 2003) . The active site of the protein was predicted using CastP server (Binkowski, Naghibzadeh, & Liang, 2003) . The 3D structures of RR, RBl, RB were retrieved from PubChem database with CIDs 6012481, 5360531, and 166118. Molecular dockings were performed twice using AutoDock standalone package ). The hydrogen and necessary charges were introduced to the laccase protein, and torsions were set to the reactive dyes. The grid of 60x60x60 cubic along x, y, and z-axiswere fixed around the laccase active site.
AutoGrid and AutoDock were performed consecutively using Lamarckian Genetic Algorithm. The average binding energy and Laccase-Dyes complexes were obtained as the output. These complexes were visualized using Schrodinger Maestro.
RESULTS AND DISCUSSION
The azo dyes are degraded using conventional methods of which biodegradation is considered as an ecofriendly method for degradation of azo dyes. The enzymes produced by the bacterial strains degrades the azo dyes based on the nature of the enzyme and the bacterial strain producing it. The present study focuses on the degradation of azo dyes (RR, RB, RBL and mixed azo dye) by laccase enzyme produced by an alkaliphilic bacterial strain. The degradation of azo dyes by photocatalysis and by nanoparticles were also studied. This gave rise to the idea of immobilizing the nanoparticle with the laccase enzyme in azo dyes degradation.
BIODEGRADATION OF AZO DYES
The azo degrading bacterial strain was enriched using 100 ppm of mixed azo dye a sole carbon source at alkaline pH (8.5) in MSM agar and the isolated bacterium was designated as DY2KVG ( Figure 1 ). The growth of the isolated bacterial strain DY2KVG was monitored for 4 days at 540 nm. The bacterium enters the log phase at 48 th hour and the decrease in the growth was observed at 96 th hour (Figure 2 ). The absorbance of the mixed azo dye decreased at 48 th hour of degradation by the isolated DY2KVG bacterial strain (Figure 3 ).The enzyme activity of the extracellular laccase enzyme was found to be 0.1 U/mL at 72 hours which was higher compared to the enzyme activity of intracellular enzyme (0.072 U/mL) produced by the bacterium DY2KVG as in figure 4 .Thus, the further studies were carried out using the extracellular laccase enzyme.
OPTIMISATION OF pH AND TEMPERATURE
The pH and temperature of the laccase enzyme produced by the bacterial strain isolated from the textile effluent contaminated soil was optimised. The results obtained shows that the laccase enzyme activity increased at pH 5.8 (0.386 U/mL) and decreased with increase in pH. The laccase enzyme activity was found to increase at the pH of 8.0 whose enzyme activity was (0.341 U/mL). This might be due to alkaliphilic nature of the bacterium and the pH of the medium in which the bacterium was isolated ( Figure 5 ). The enzyme activity of laccase enzyme was also monitored at various temperatures. The enzyme activity (0.769 U/mL) was found to be maximum at 20 o C and decreased with increase in temperature ( Figure 6 ). The enzyme activity also increased at 50 o C (0.6151 U/mL) and the reason for the increase is yet to be identified. Alkesh 
BIODEGRADATION ANALYSIS OF AZO DYES
In the present study, laccase enzyme produced by an alkaliphilic bacterial strain degraded 58.46 % for 
PHOTOCATALYSIS OF AZO DYES
The degradation of zo dyes by the photocatalytic breakdown using UV light. This study was performed to determine the effect of UV light in the degradation of azo dyes. The percentage of degradation of azo dyes by the UV light in a photoreactor was observed to be 3.33% for RBL, 15.98% for Mixed dye, 2.694% for RR dye and 23.79% for RB at the end of 1 hour. Thus, the degradation of reactive azo dyes using photocatalytic process was not effective. The process of photodegradation was reported as an effective method for degradation of various organic compounds (Daneshvar et al., 2004) . The complete degradation of 50 ppm of Orange II by photocatalysis was reported in 90 min while the increase in concentration increased the time of degradation of orange II (Divya et al., 2013) .
CHARACTERISATION OF CuI NANOPARTICLE
The Copper iodide particles synthesized by green route were characterized by X-ray diffraction (XRD) to determine the structure of the particles (Figure 12 (220), (311), (400), (331) and (420) planes of crystalline γ-CuI and was found to fit well in fcc system. It was observed that the peaks were sharp, well-defined and no significant impurities were observed in the XRD pattern indicating high purity of the product. The Figure 13 shows morphology and size of the copper iodide particles, which were determined using SEM analysis. In the SEM image, the particle appears to be in triangular shape and the average particle size was found to be 660.92nm.
DEGRADATION OF AZO DYES BY CuI NANOPARTICLE
This is the first study of CuI nanoparticle in azo dye degradation before which 95% of cadmium adsorption was reported using Copper Iodide nanoparticle. The present study on degradation of azo dyes using CuI nanoparticle resulted in 15.835% for mixed dye, 16.9% for RBL, 3.262 % for RR and 16.745 % for RB of degradation of azo dyes at the end of 1 hour. The absorbance increased, which can be due to the limited ability of the CuI to adsorb dyes. The use of Strontium titanate in direct and reactive dyes resulted in increased degradation with increase in the Strontium titanate concentration (Karimi et al., 2014) .
COMBINED METHOD FOR AZO DYES DEGRADATION
The degradation of azo dyes by the laccase enzyme, photocatalysis and using CuI nanoparticle are not sufficient for degrading the higher concentration of azo dyes. An effort to enhance the process of azo dye degradation was attempted by immobilizing laccase enzyme in CuI nanoparticle as shown in figure 14 . The EDAX shows the presence of Cu, I, C, O. The presence of K is due to usage of potassium phosphate buffer during the immobilization process. The degradation of RR, RB, RBL and mixed azo dyes was increased by immobilizing Laccase enzyme in CuI nanoparticle. This method enhanced the percentage of degradation to 29.1%, 75.23%, 75% and 62.35% of RR, RB, RBL and Mixed azo dye of 100 ppm at 60 th minute. The HPLC analysis of the RR shows the presence of single peak at RT 2.4. Figure 15 (a) and the figure 15(b) shows the degraded RR of less intense peak at 3.4 RT. The RB dye showed an intense peak at RT 2.2, a small peak at RT 3 for non-degraded RB (Figure 16 a) shifted to RT 4.2 and the intense peak was significantly reduced at RT 2.5 after degradation by combined method as shown in figure 16 (b) . The RBL dye (control) showed peaks at 2.5 and 6.1 RT (Figure 17 (a)) and the degraded RBL dye formed a peak at RT 3.4 (Figure 17 b) . The mixed dye showed an intense peak as shown in figure 18 (a) at RT 2.3 and 3.0. The peaks after the degradation of mixed azo dye was similar to the RBL dye which shows that the RBL dye in the mixed azo dye was degraded efficiently than RB and RR dye (Figure   18 (Figure 19 ). The results obtained are similar to Maulin Shah., (2013) on the degradation of Reactive Black dye by combining the process of photocatalytic and biological method showing 72% RB of 100 ppm. Biological degradation showed 85% of degradation of RB while in combined process the degradation percentage was found to be 74% without aromatic amine formation. The combined process enhanced the degradation of individual azo dyes compared to mixed azo dyes. The percentage of degradation is also higher compared to the biological and physical method. Thus, the metabolites produced by Biological and combined method of degradation of reactive azo dyes are different, therefore presumed to have different pathways.
PHYLOGENETIC ANALYSIS OF Pseudomonas mendocina
The 16s RNA sequences of DY2KVG was blasted and it was found to be Pseudomonas mendocina 
In silico Analysis
From the Ramachandran plot evaluation using Rampage server, the protein model was found to have 92.7% of amino acids in the favoured region. Following amino acids were predicted to be the active site amino acids using CastP server: GLN63, PRO64, ALA65, TRP66, LEU67, VAL74, VAL75, ALA76, GLU77, ALA78, ASP79, PRO80, ALA81, THR82, VAL83, ILE84, ASN89, SER95, ILE96, and ALA97. From the molecular docking analysis, the average binding energies between the laccase and Reactive Black, Reactive Red and Reactive Brown were found to be -9.17 kcal/mol, -7.19 kcal/mol, and -8.57 kcal/mol respectively. The amino acids involved in the binding and degradation of dyes are shown in Figure 21 a, b , and c. The binding between the protein and the compound are stronger with lesser AutoDock binding energy ). From the docking results, we observed that the strongest and weakest binding of laccase was with Reactive Black and Reactive Red respectively. The binding between laccase and Reactive Brown was found to be in between the Reactive Red and Black. The strongest binding observed between the laccase, and Reactive Black could be the reason for the higher degradation of Reactive Black that was seen in our experimental findings.
CONCLUSION
The degradation of azo dyes by laccase enzyme produced by Pseudomonas mendocina, an alkaliphilic bacterial strain resulted in 58.46% of degradation of mixed azo dye. The photocatalytic method was found to be less effective compared to biological method as it resulted in 15.98% of degradation of mixed azo dye at the end of 60 th minute. The CuI nanoparticle synthesised from Hibiscus rosa sinensus flower resulted in 15.835% degradation of mixed azo dye. Thus, the degradation of mixed azo dye was enhanced by immobilizing laccase enzyme in copper iodide nanoparticle which resulted in 62.35% of mixed azo degradation at the end of 60 th minute. 
